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INSTRUCTIONS TO CANDIDATES 
 
This examination consists of 5 (five) questions. Candidates are required to answer ALL. 
 
The total mark for this examination is 40 marks. 
 
Formulae, tables and figures for boundary layer flow, compressible flow and physical properties of air are 
provided in the exam paper, which are originally from Fluid Mechanics. Munson, B. Okiishi, T., Huebsch, W. and 
Rothmayer, A., John Wiley & Sons, Inc., New York City, New York, 7th Edition, (2013). 
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Question 1:          (10 marks) 
The pressure around the circumference of a cylinder has been measured in a wind tunnel, following 
similar procedure as the wind tunnel practical that you have carried out early this semester. The design 
of the wind tunnel is similar as the one you used in the practical, with the test section of 1.0 m in length 
and 450 x 450 mm in cross-section.  
 
Firstly, a differential pressure gauge and a Pitot tube are used to measure the free stream wind speed and 
the reading of the differential pressure is 47.6 kPa. Then the differential pressure gauge is used to 
measure the pressure on the surface of the cylinder. The diameter of the cylinder is 20 mm. The 
measured differential pressures around the cylinder are summarized in the table below. 




















During the experiment, the room temperature is 25 ⁰C and the atmospheric pressure is 101.325 kPa. 
Based on the measured data, 
(a) Find out the free stream velocity       (2 marks) 
(b) Calculate the net force on the cylinder     (5 marks) 
(c) Calculate the drag coefficient and its corresponding Reynolds number (3 marks) 
 
Clue: The free stream velocity for incompressible flow can then be calculated using the formula: 
 
The drag force on the cylinder per unit length (FD) is usually calculated by integrating the point force 
due to pressure around the surface of the cylinder: 
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Question 2:          (8 marks) 
A Boeing 747 aircraft flies at M = 0.87 at an attitude of 13 km on a standard day. The cabin is 
pressurized to an equivalent altitude of 2500 m in a standard atmosphere. A window in the cockpit is 
located where the external flow Mach number is 0.2 relative to the plane surface.  
(a) Find the speed of the aircraft.        (2 marks) 
(b) Estimate the pressure difference across the window. Be sure to specify the direction of the net 
pressure force.         (6 marks) 
 
 
Question 3:          (4 marks) 
Imagining you stand at the seashore with no high-rise buildings and observe a high-speed aircraft 
moving overhead at an elevation of 3088 m. You hear the plane 6.5 s after it passes directly overhead. 
Using a nominal air temperature of 4 ⁰C, estimate  
(a) the Mach number         (2 marks)  
(b) the speed of the aircraft        (2 marks) 
 
 
Question 4:          (6 marks) 
A laboratory wind tunnel has a square cross section that is 305 mm2. Boundary layer velocity profiles are 
measured at two cross sections (see Figure 1 below) and displacement thicknesses are evaluated from the 
measured profiles.  
At section ①, the freestream speed is 26 m/s and the displacement thickness is 𝛿1
∗ = 1.5 𝑚𝑚.  
At section ②, located downstream from section ①, 𝛿2
∗ = 2.1 𝑚𝑚 .  















Section ① Section ② 
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Question 5:          (12 marks) 
Standard atmospheric air (air temperature is 288 K and the atmospheric pressure is 101 kPa) flows 
steadily through a frictionless, adiabatic converging nozzle into an adiabatic, constant area duct as 
shown in Figure 2. The duct is 2 m long with an inside diameter of 0.1 m and its average friction factor 
is 0.02. By decreasing the back pressure, the mass flowrate through the nozzle and the duct can be 
increased until reaching a maximum mass flowrate.  
  
Figure 2 
(a) Find the maximum mass flowrate through the duct.      (3 marks) 
(b) Determine the values of static temperature, static pressure, stagnation temperature, stagnation 
pressure, and velocity at both the inlet [section (1)] and exit [section (2)] of the constant area duct 
when the maximum mass flowrate condition is reached.      (5 marks) 
(c) Sketch a temperature–entropy diagram for this maximum flowrate condition.    (4 marks) 
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